Worker populations continue to be at risk for exposure to chemicals, many of which are toxic, while completing work tasks. Although some of the health effects of chemicals are known, many have not yet been identified or recognized. Chemical products used during industrial work processes require thorough evaluation, testing, and long-term monitoring for potential health hazards, and protections are needed prior to their being used by workers. Current precautions and limitations regarding regulations and published materials must be considered. A collaborative effort is required to protect workers from potential harms resulting from use of chemicals in the workplace.
unrecognized health effects of Chemicals by Gloria V. Beitler, RN, BGS, COHN I n October 2009, the U.S. Department of Labor, Bureau of Labor Statistics, reported the civilian work force to be 154,912,000 workers, with 19,041,000 working in goods-producing industries (U.S. Department of Labor, Bureau of Labor Statistics, 2009 ). These jobs are in construction and manufacturing, two industries in which workers are potentially exposed to toxic chemicals while performing work processes. Workers in other types of jobs are also exposed to chemicals. Although some of the health effects of chemicals are known, many have not been adequately studied and are yet to be identified or recognized.
Chemicals in the workplace can cause unrecognized health problems. Chemical products used during industrial work processes require thorough evaluation, testing, and long-term monitoring for potential health hazards; protections are needed prior to use by workers. The danger from chemical exposure is made apparent through historical discoveries and recent monitoring revelations. New suspicions and topics are currently under research and review. In addition, ongoing considerations exist regarding current precautions and limitations regarding regulations and published materials.
historiCAl DisCoveries
Consequences of exposures to soot, lead, nitric acid, and radium illustrate unrecognized chemical toxicity. One of the first lessons learned by scientists and physicians involved chimney sweep workers (U.S. Department of Health and Human Services, Public Health Service, National Toxicology Program, 2005) . In 1775, the first occupational cancer was identified in chimney sweeps; chimney sweeps developed scrotal cancer from the soot. Subsequently, other cancers were associated with soot exposure. Today, workers continue to experience soot exposure in horticulture and metallurgical work, although now, with known exposure risks, precautions are instituted.
which included a 32-year career in industrial medicine. Hamilton began her industrial medicine career in 1910 by visiting lead plants in St. Louis and Chicago and found owners expressed sincere interest in their workers' safety. However, employers did not know which hazards were present in the plants and which safety measures were needed. A majority of health care professionals, employers, and workers were relatively ignorant of occupational health issues.
Owners and managers were unaware of how their workers could be poisoned. Ineffective housekeeping and areas of trash exposed workers to lead. Hamilton (1995) shared her research and voiced concern to the owner of the National Lead Company, who challenged Hamilton to provide proof of health effects from lead exposure. Hamilton (1995) completed the difficult task of locating and identifying cases of lead poisoning and obtained proof of lead poisoning at Chicago lead plants. When the owner received this evidence, he made necessary changes; engineering plans were drafted to prevent dust and fume exposures. These plans were later used in other states.
The company was open to changing and making work conditions safer. The need for evidence of work-associated illness was likely due to the financial commitments required to make the necessary changes.
During the early 1900s, Hamilton (1995) identified types and routes of lead exposure that had been previously unknown. Comparisons were made to practices abroad that were yielding less incidence of this industrial poison exposure. LaDou (2006) explained that lead poisoning, or plumbism, is still a concern in both home and work environments. Acceptable levels of lead exposure continue to be evaluated and adjusted as new information becomes available.
Nitric Acid
Nitric acid is another chemical that posed unrecognized health risks. Workers at an explosives plant in the Canary Islands were commonly referred to as canaries by observers. The workers had orange stains on their faces and fingernails, and the palms of their hands were yellow. The natural vegetation around the plant was also damaged. Despite these signs, explosives workers did not believe the yellow smoke to which they were exposed at work would harm them. Hamilton (1995) believed workers did not understand the seriousness of these exposures. When nitric acid was mixed with organic material, orange fumes were released, later found to cause dangerous, sometimes fatal, pulmonary injury. Physicians did not link respiratory problems with exposure to nitric acid, but rather attributed them to natural causes, including pneumonia and tuberculosis. Engineering changes occurred in the plant only after the discovery of health problems among workers. Signs related to the occupational and environmental danger should have been obvious, but they were not recognized. Mullner (1999) explored the unrecognized consequences of radium in his book, Deadly Glow: The Radium Dial Worker Tragedy. Radium was discovered in 1898 by two scientists, Marie and Pierre Curie. The couple discovered that radium was radioactive. The discovery of radium led to the study of nuclear physics and nuclear medicine. After working with radium for many years, both scientists developed illnesses. They refused to associate their illnesses with radium, instead attributing them to other causes. Later in life, Marie developed anemia and died from chronic radium exposure. Although Pierre had symptoms as well in his lifetime, he actually died prematurely of unrelated problems. The health effects of radium were not acknowledged for many years.
Radium
As reviewed by Mullner (1999) , radium was used in painting dials on watches and instruments in commercial industry. The demand for these dials grew during World War I. Young civilian women were hired for production at higher salaries. These women generally only worked at this job for a year or two. Several years after some women left employment, they began having health problems, including dental and jaw erosion, arthritic pain, anemia, and fractures. Health care providers could not immediately determine the cause. The illness was eventually identified as radium poisoning brought about by painting watch dials. Mullner (1999) described the route of toxic exposure of the radium dial workers. The workers were instructed to paint the dials in a prescribed manner, and some women found that if they pointed the brushes with their lips, their production rate, and subsequently their pay, increased. The war created a huge demand for the painted dials and many of the women worked 7 days a week producing up to 300 parts per day. The first young woman to become ill died at the age of 25. She was treated for rheumatism and then misdiagnosed and treated for syphilis. She was not diagnosed with radium poisoning until after her death, when her body was exhumed and the amount of radium measured.
The second radium dial worker case raised the question about radium and caused the exhumation of the first worker's body. Two dentists thought the woman had phossy jaw, an illness from phosphorus. Workers exposed to matches and fireworks experienced this problem. However, phosphorus was not found in the paint the women Workers may potentially be exposed to a host of chemicals, many of which are toxic, while performing their jobs. Although the health effects of some of these chemicals are currently known, others have not been adequately studied. The danger of chemical exposure is apparent from historical discoveries and recent revelations. A multidisciplinary approach is mandatory to successfully promote a safe work environment.
Applying research to Practice
used. After ruling out phosphorus, the dentists then identified radium as the cause and ordered the women to stop pointing the tips with their lips. Mullner (1999) described the intense arguments, investigation, and research that ensued to overcome the currently held beliefs about the safety of radium and radioactivity. The unfortunate suffering of the radium dial workers was eventually instrumental in understanding the beneficial and dangerous effects of radium. The atomic bomb, health-related uses of radiation, and nuclear energy are just some of the current applications. Radium use today is under circumstances and safety provisions much different from those afforded the radium dial workers.
reCent revelAtions
Real-life scenarios have illustrated previous lessons about unrecognized chemical exposure. Discoveries related to asbestos, first responders to the 2001 World Trade Center tragedy, and butter flavoring in microwave popcorn production continue to emphasize unrecognized health problems from chemical exposures at work.
Asbestos
According to LaDou (2006) , researchers have known asbestos can cause asbestosis, a serious lung disease, as well as mesothelioma, a rare cancer. Asbestos exposure causes millions of deaths worldwide each year. The negative health effects extend to families because workers carry asbestos home on their clothes. Unfortunately, no effective work practices or designs minimize the risk of cancer in the mining and manufacturing of asbestos.
LaDou (2006) reports the incidence of mesothelioma is expected to continue to rise for years because the average latency period from exposure to diagnosis is 30 years. This association became known in the 1960s. The diagnosis is now being made frequently because the latency period of 30 years is coming to an end. This latency period explains why law firm commercials about mesothelioma are frequently on television. Asbestos is an example of a chemical that has been known to be dangerous to humans yet its use continues.
The 2001 World Trade Center tragedy extends to many individuals and families, including those workers exposed to toxic chemicals. The first responders to the World Trade Center were exposed to toxins and dust during the first few hours and days. Herbert et al. (2006) reported that thousands of workers developed respiratory complaints. A link between this short exposure and lung disease became evident. The rescue workers continue to be studied.
Diacetyl
The National Institute for Occupational Safety and Health (NIOSH) reports in NIOSH Alert: Preventing Lung Disease in Workers Who Use or Make Flavorings that workers in Jasper, Missouri, became ill with respiratory complaints after working at a microwave popcorn plant (NIOSH, 2003) . This correlation between exposure and illness became apparent in 2000, when agencies were informed of the potential relationship and an intense investigation ensued. The microwave popcorn plant was using ingredients in the butter flavoring that had been rated safe for food consumption. However, this safety rating did not address inhalation of the fumes from the ingredients during production. The difference between use of flavorings in food for consumption and use during a production process was critical.
The NIOSH Health Hazard Evaluation Report described nine former employees of the Gilster-Mary Lee Corporation in Jasper were diagnosed with severe lung disease (NIOSH, 2006) . The workers had permanent shortness of breath that did not improve with treatment. Four of the workers were placed on a lung transplant list. The severe disease, bronchiolitis obliterans, these workers had was not previously associated with popcorn production.
According to the NIOSH Health Hazard Evaluation Report, NIOSH completed an extensive health hazard evaluation beginning in 2000 (NIOSH, 2006) . Air sampling at the plant revealed diacetyl, a volatile chemical known to cause irritation. NIOSH immediately suggested workers use respiratory protection pending further engineering, work process, and exposure control changes. Kanwal et al. (2006) reported that NIOSH found the mixing area, where butter flavoring and heated oil were combined, to be high risk for lung disease in the workers. Packaging workers were at risk in plants where this mixing area was not isolated. Quality control workers, who popped numerous bags of popcorn per day, were also at risk. Many of the chemicals used in the flavorings had not been evaluated for toxicity if inhaled and permissible exposure levels (PELs) had not been established.
The NIOSH Health Hazard Evaluation Report stated that butter flavoring in microwave popcorn production began in the late 1980s (NIOSH, 2006) . Plant workers became ill between 1993 and 2000. Diacetyl and other flavorings used in the production were known to be skin and eye irritants but were not known to cause lung damage. From 2000 to 2003, NIOSH assessed five additional popcorn plants and conducted animal studies. Findings were consistent with those at Gilster-Mary Lee Corporation. Diacetyl in the butter flavoring appeared to cause lung disease.
Further, the report offered recommendations to the Gilster-Mary Lee Corporation and to the greater popcorn industry after this extensive study. Exposure control was specifically addressed for the locations within the plant that mixed, packaged, and conducted quality control.
The Occupational Safety and Health Administration (OSHA) published Directive CPL 03-00-005 (OSHA, 2007) . The report concluded that lung disease was found in the plant in Jasper, Missouri, as well as in five additional microwave popcorn plants and other flavoring manufacturing plants throughout the country. OSHA launched a new program as a result of the findings of NIOSH; the "National Emphasis Program-Microwave Popcorn Processing Plants" went into effect July 2007 for the purpose of mitigating or eliminating worker exposure to butter flavoring chemicals. Included in the program was a review of all Material Safety Data Sheets (MSDSs) for diacetyl and butter flavoring chemicals.
Butter flavoring exposures in various plant areas illustrate multiple routes of exposure and absorption as well as multiple doses. These variations are key in evaluating chemical effects on the body. In addition, this report draws attention to the lack of animal studies on many chemicals being used in industry today.
Currently unDer investigAtion
First responders to the World Trade Center in 2001, workers exposed to silica, and new nanotechnology workers exposed to nanomaterials are now being studied. Herbert et al. (2006) reported on research that may reveal new potential exposure consequences for the first responders to the World Trade Center. The workers and volunteers are being monitored not only to establish the duration of their current illnesses, but also to identify any latent diseases that may develop. Parks, Conrad, and Cooper (1999) discussed additional health concerns, to this point unrecognized, from silica dust exposure. Research studies are currently under way to establish a link between silica dust exposure and autoimmune diseases. McCauley and McCauley (2005) have explored the field of nanotechnology, work processes at the level of the atom. The particles cannot be seen but are already in many products used today. This rapidly emerging field is another frontier in occupational exposure. Little is known about the potential health hazards of nanomaterials used in manufacturing work processes; biological and toxicological consequences of exposure have not been determined. Despite this lack of research, within less than a decade, large numbers of industrial and manufacturing workers will have been exposed to work processes involving nanomaterials.
Progress is moving forward without first understanding the consequences. Just because something can be done does not mean it should be done, or at least not done prior to adequate research. Nanotechnology may be similar to radium. The potential benefits of nanomaterials may be astounding and yet to be fully realized. Conversely, the consequences of nanomaterials on the human body during production processes may yet to be fully realized.
ConsiDerAtions
Laws protecting workers from hazardous chemical exposure in the workplace are relatively recent. OSHA and NIOSH were created pursuant to the 1970 Occupational Safety and Health Act. OSHA promulgates and enforces regulations about exposure to hazardous materials in the workplace. OSHA published Standard 1910.1200 to ensure chemical hazards are evaluated and appropriately mitigated. The regulation mandates a comprehensive program to prevent foreseeable emergency situations (OSHA, n.d.) . The scientific community continues to learn about chemicals and the health effects that may not be evident. These agencies were established just 40 years ago. The law and their work are in their infancy.
The NIOSH Health Hazard Evaluation Report ex-plained that OSHA enforces 1971 standards (PELs) (NIOSH, 2006 ). An attempted update in 1989 was overturned by a court of appeals. Some states use the 1989 levels, which are considered more protective. OSHA's PELs are legally enforceable. NIOSH has recommended exposure limits (RELs) and the American Conference of Governmental Industrial Hygienists (ACGIH) has threshold limit values (TLVs), both of which are unenforceable guidelines. The three sets of values vary in their recommendations.
MSDSs are part of OSHA Standard 1910 .1200 . The Hazard Communication Standard mandates the availability and use of MSDSs. Although this information may be helpful, it has limitations (Mitchell & Schwartz, 2001 ). The health hazard information specific to the chemical can be inadequate. The health care provider reading the sheet may be inadequately trained to interpret the data. The data provided by the manufacturer may be incomplete. LaDou (2006) reports that MSDS information can also be outdated. Chemical levels below the threshold level do not have to be reported on the MSDS, according to OSHA Standard 1910.1200.
Despite these precautions and limitations, options and actions are available. Well-known in the occupational specialty arena are recommended processes to follow in the workplace to mitigate risk and health consequences. According to LaDou (2006) , these practice models apply whether the hazard is known or unknown. The order of implementation for control of hazards is as follows: substitution, engineering controls, administrative and work practice controls, and personal protective equipment. Exposure monitoring as well as health monitoring of workers follow.
LaDou (2006) recommended that management first substitute the toxic chemical with something safer. Next, engineering controls such as ventilation and isolation should be used. Administrative and work practice controls include variable work schedules and assignments as well as training and enforced worker compliance with policies and procedures. Finally, personal protective devices, typically gloves, goggles, and various appropriate respirators, can be required. Specific surveillance of worker health may detect pathology before symptoms appear in workers, resulting in early treatment and interventions.
Although many examples cited in this article were unforeseen, all parties must be reminded of their personal and corporate responsibility to create a safe and healthy workplace. Safety should be first. Safe use of chemicals can be facilitated by a high index of suspicion and caution from every health care provider, worker, manufacturer, and company. Manufacturers and government agencies must support ongoing, intensive, and independent research to evaluate the health effects of chemicals used in the workplace.
ConClusion
Past and recent events have led to the recognition of health effects caused by chemicals in the workplace. A multidisciplinary team approach is needed to monitor the development of chemicals by manufacturers and to facili-tate a safe workplace by the safe use of chemicals in the work environment. Manufacturers, producers, legislators, governmental agencies, and scientific researchers must keep worker safety a top priority.
From past to recent times, the use of chemicals in the workplace continues to cause unrecognized health problems. New manufacturing processes and chemical compounds become available at an increasing pace. Previously unknown hazards of known chemicals in new work processes are increasing. Research efforts continue to isolate additional risks to human health from both new and established chemicals. The workplace requires heightened awareness of unforeseen dangers. A collaborative effort by all parties for the protection of workers should at least mitigate unrecognized health hazards.
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